The results of a prospective study comparing renal function after anaesthesia using methoxyflurane, halothane or phenoperidine indicate that the use of methoxyflurane is associated with a significant rise in serum uric acid, probably caused by transient distal tubular dysfunction. Reasons are presented to suggest that the rise in serum uric acid is related to urinary fluoride derived from the breakdown of methoxyflurane, and that the changes can be reduced to a degree which renders them clinically unimportant with the rational use of methoxyflurane as a supplement in relaxant techniques. Other tests of renal function and renal handling of water and electrolytes show no significant differences between the groups.
The results of a prospective study comparing renal function after anaesthesia using methoxyflurane, halothane or phenoperidine indicate that the use of methoxyflurane is associated with a significant rise in serum uric acid, probably caused by transient distal tubular dysfunction. Reasons are presented to suggest that the rise in serum uric acid is related to urinary fluoride derived from the breakdown of methoxyflurane, and that the changes can be reduced to a degree which renders them clinically unimportant with the rational use of methoxyflurane as a supplement in relaxant techniques. Other tests of renal function and renal handling of water and electrolytes show no significant differences between the groups.
During the past ten years there have been numerous reports in the American literature describing a form of renal dysfunction after methoxyflurane (Penthrane) anaesthesia. The characteristic features appear to be seen in the early days after surgery and they include the following: high urinary output, increased serum osmolality, increased blood levels of sodium, urea, uric acid and creatinine, and low urine osmolality with a diminished or absent response to the infusion of vasopressin (Crandell, Pappas and Macdonald, 1966; Pezzi, Frobese and Greenberg, 1966; Crandell and Macdonald, 1968; Lebowitz, 1968; Merkle et aL, 1971) . Several case reports of high-output renal failure have been presented, but they were retrospective, and lacked control investigations in the same patients or in patients requiring an anaesthetic other than methoxyflurane. Other studies failed to show renal dysfunction in association with methoxyflurane (Paddock, Parker and Guadagni, 1964; North and Stephen, 1966; Gauert et al., 1969; Rosen, Latto and Asscher, 1972) and the need was recognized for a prospective evaluation of the drug compared with another anaesthetic agent.
Recent work by Mazze, Shue and Jackson (1971) described a randomized prospective study comparing results from 12 patients receiving methoxyflurane with those from 10 patients receiving halothane. They concluded that their finding of increased urine volume, blood urea, sodium, uric acid and osmolality in the patients receiving methoxyflurane indicated that, "methoxyflurane anesthesia produced high-output renal insufficiency" and they concluded that this was due to a lesion of the distal nephron.
Despite the care with which the study was randomized and the uniformity of the fluid replacement regime, there are a number of respects in which their study does not reflect the customary usage of methoxyflurane, particularly in the U.K.: the operating times were long in relation to the type of surgery performed and although the mean durations of surgery are similar, seven of twelve procedures in the methoxyflurane series lasted 4 hours or more, while only two of the halothane series exceeded 4 hours; induction of anaesthesia was carried out in non-premedicated patients using only methoxyflurane or halothane in oxygen. Although it was stated that vaporizer settings of 1.5% methoxyflurane were used, reducing to 0.3-0.5%, the durations of exposure were not given. However, the total uptake of methoxyflurane was clearly very substantial and was certainly not typical of the clinical use of this agent. Furthermore, the dosage of tubocurarine used for muscle relaxation was not stated, but it is generally accepted that the dosage of muscle relaxants used by North American anaesthetists is less than that of British anaesthetists and it is valid, therefore, to ask to what extent deep methoxyflurane anaesthesia was necessary to provide long periods of muscle relaxation. While the results reported by Mazze, Shue and Jackson (1971) are statistically very significant, in the comparison with halothane, "the changes were even more striking". In making such a comparison it is only right to suggest the possibility that halothane may also produce changes in renal function which happen to be the opposite of those caused by methoxyflurane.
The subject of renal dysfunction in association with methoxyflurane has been fully reviewed recently by the Committee on Anaesthesia of the National Academy of Sciences (National Research Council, 1971) , and while it is recognized that there is a likely effect of fluoride from methoxyflurane upon distal tubular function, the significance of this change in relation to the many advantages of methoxyflurane is difficult to evaluate. The report of the Committee concludes that, "Good prospective studies . . . must be encouraged, but using die agent with drugs for preanaesthetic medication, neuromuscular blockade, and nitrous oxide. Comparable groups of patients should be given other anaesthetics as controls."
The present study represents an attempt to evaluate the changes in renal function associated with methoxyflurane, used in a manner which is probably acceptable to most anaesthetists in the United Kingdom.
METHOD
The study was carried out in 15 consenting patients undergoing colonic resection, such patients being selected because of the relative uniformity of surgical trauma and the justification for continuous bladder catheterization for several days after operation. On the days before operation samples of blood and urine were obtained for measurement of serum urea, sodium, potassium, chloride, creatinine, uric acid and osmolality, and urine osmolality.
The patients were allocated in strict sequence to one of three groups: (i) methoxyflurane anaesthesia, (ii) halothane anaesthesia and (iii) phenoperidine administered intravenously without the use of a volatile agent. While there were no omissions prompted by the choice of anaesthetic category, any patients with one or more of the following conditions were not included: known renal disease; diabetes mellitus; treatment with corticosteroids, diuretics, or tetracycline.
All patients received premedication with a combination of papaveretum and hyoscine or papaveretum and atropine. Irrespective of the category of patient studied the anaesthetic technique was standard and consisted of tubocurarine 0.6 mg/kg intravenously followed by a sleep dose of thiopentone. After endotracheal intubation the patient was given a mixture of 40% oxygen and 60% nitrous oxide delivered via a Manley ventilator at a minute volume of 10 l./min. The appropriate supplementary agent was then introduced; methoxyflurane was given at 0.5% for 20 min, then 0.3% for the remainder of the procedure. In the halothane group a concentration of 0.5% was delivered throughout, and the phenoperidine group received 1 or 2 mg of phenoperidine intravenously initially, followed by 1 mg approximately every 30 min. The vaporizers used for die medioxyflurane and halodiane cases were specially prepared and calibrated to a high degree of accuracy.
Before die start of surgery an indwelling bladder catheter was passed and die bladder was emptied completely; die cadieter was dien attached to a calibrated plastic drainage bag. The fluid replacement regime during and after surgery was standard regardless of die patients' weights since it was considered diat any discrepancies would even out widiin die whole series and at die same time die regime would be acceptable to anaesdietist and surgeon as a routine mediod. The fluid infusion regime was as follows:
After induction of anaesdiesia 0-30 min: Hartmann's solution 400 mL 30-50 min: Macrodex 6% in saline 300 ml. 50-60 min: Hartmann's solution 100 ml. Thereafter Hartmann's solution was given at die rate of 50 ml every 10 min. In addition to diis, blood loss was continuously monitored by swab weighing (a factor of 25% was added to allow for blood on drapes, gowns, etc.) and after the loss had reached 300 ml blood was transfused using a two-way tap to enable blood and electrolyte solution to be given as required. During each 24-hour period after operation intravenous fluid was given to a total of 2400 ml consisting of Macrodex 6% in saline 300 ml; Hartmann's solution 1000 ml; 5% dextrose in water 1100 ml.
Between 8 a.m. and 9 a.m. on each of the first diree mornings after operation the urine volume was noted and samples of blood and urine were removed for estimations as widi die samples before operation. In order to avoid glycosuria at the time of sampling the fluid regime was timed to omit die giving of intravenous dextrose within the six hours prior to the sampling time. The blood samples were centrifuged soon after removal and die serum and urine samples from each patient were frozen in order diat estimations on die AutoAnalyzer and me osmolalities could be carried out at one time widi the minimum of inaccuracy due to day-to-day differences in me calibration of equipment.
The values for serum sodium, potassium, chloride and urea were obtained using a multichannel Auto-Analyzer I (Technicon Instruments Co. Ltd). Serum creatinine was estimated by an AutoAnalyzer I using picric acid and sodium hydroxide after removal of protein by dialysis. Uric acid estimations were also performed on an AutoAnalyzer I using the phosphotungstate/cyanide method. Osmolalities were determined using a Fisons Advanced ninirai Osmometer, calibrated before each group of estimations using standard solutions of 100 mOsm/1. and 900 mOsm/1. Table I shows the duration of surgery in each group, together with the blood lost and fluids infused during surgery. It will be seen that the total amount of colloid infused approximates very closely the estimated blood loss and this applies in individuals as well as groups, and undoubtedly contributed to the absence of significant hypotension in the series. The blood loss in the halothane and phenoperidine groups was substantially greater than in the methoxyflurane group, almost certainly due to the distribution of surgery in the sequential allocation of cases: all five methoxyflurane cases had anterior resection of rectum; in the halothane group the surgery was: anterior resection (one case), total colectomy (one case) and abdomino-perineal excision of rectum (three cases); surgery in the phenoperidine group consisted of anterior resection (three cases) and abdomino-perineal excision of rectum (two cases). However, in view of the satisfactory replacement of blood loss and time-related infusion of Hartmann's solution, the groups are considered to be comparable in terms of any effect of surgery itself upon renal function. The mean values for urinary output during surgery are considered to support the belief that fluid replacement was satisfactory.
RESULTS
The various biochemical tests and urine volume and osmolality values are shown in tables II and HI, and comparisons of the results on the days before and after operation (tables IV, V and VI; fig. 1 ) show a number of significant changes, some of which are reflected in each of the three groups of patients. The most noteworthy facts would appear to be that (a) serum urea shows a significant increase on the second day after operation in the methoxyflurane group; (b) serum uric acid is significantly increased on every day after operation in the methoxyflurane group, and shows a significant rise between the second and third days after surgery; (c) serum uric acid in the halothane group is significantly lower on the first day after operation compared to the preoperative value; (d) serum creatinine in the halothane group is significantly lower on the first and third days after operation; (e) serum osmolality in the halothane group is significantly lower on each day after operation in comparison with the preoperative value. Whatever the statistical significances of the comparisons between days as quoted above, using each patient as his own control, the main interest lies in the inter-drug comparisons (table VII) , from which it is seen that the only significant differences of any note relate to the serum uric acid values, and as the results in table VH suggest, the differences in serum uric acid in the first two days after operation are greater when medioxyflurane is compared with halothane than when the comparison is between methoxyflurane and phenoperidine. All inter-drug comparisons relating to serum sodium, potassium, and osmolality, and urine osmolality show no significant differences and comparisons of serum urea and creatinine values between methoxyflurane and halothane show no differences.
DISCUSSION
Amongst the results reported in this study, the most outstanding finding is of an increase in serum uric acid in patients receiving methoxyflurane anaesthesia.
BRITISH-JOURNAL OF ANAESTHESIA
Apart from the possibility of a rise in serum urea on the second day after surgery in the methoxyflurane group (not significant when the group is compared with the halothane group), there is no other change which might have Hinirnl significance, and this is of particular interest in relation to serum sodium, serum creatininej and the osmolality values of serum and urine.
These results show a sharp contrast with two prospective studies reported from the United States: in the study by Mazze, Shue and Jackson (1971) significant changes were reported in serum sodium, urea nitrogen, uric acid, creatinine, and osmolality, and urine volume and body weight changes were found to be significantly different when a halothane group and a methoxyflurane group were compared. These workers also noted that the methoxyflurane patients showed significantly greater urinary loss of potassium; the mean uric acid value quoted for the days until oral fluids were taken was 7.84 mg/100 ml, suggesting that the peak uric acid level must have been considerably higher. The highest single serum uric acid value in any of our patients after methoxyflurane was 7.7 mg/100 ml and the highest postoperative mean value was 6.00 mg/100 ml. Comparing our series with that of Mazze and colleagues (1971) there are two major differences worthy of comment: (i) the mean duration of surgery was very much longer in the American series (over four hours); and (ii) the method of using methoxyflurane was very different. In the Series of Mazze, Shue and Jackson (1971) , no nitrous oxide was employed, and the doses of relaxant drugs are not quoted, but the need to use concentrations of methoxyflurane ranging from an initial 1.5% to a maintenance concentration of 0.3-0.5 % is consistent with a somewhat lower dosage of relaxants than would be customary in this country, and although it is stated that "anaesthetic depth never appeared excessive", end-tidal alveolar concentrations of methoxyflurane quoted are in considerable excess of the minimal alveolar concentration (MAC), which in itself would be substantially reduced by the addition of nitrous oxide. The study by Merkle and colleagues (1971) gives minimal details of methoxyflurane concentrations administered, and states that the maintenance concentration was usually 0.8%, and there is no evidence quoted to substantiate their claim that "present data do not support the concept that methoxyflurane renal effects are related to duration of exposure". Whilst many previous reports of methoxyflurane nephrotoxidty, based on retrospective and prospective studies indicate the production of a glomerular as well as a tubular defect our results suggest that when used in the manner described, methoxyflurane causes changes in serum uric acid only, probably reflecting an effect on the distal tubular secretion of uric acid. Mazze, Trudell and Cousins (1971) have described elevated levels of serum and urine inorganic fluoride in patients after methoxyflurane anaesthesia. The considerable extent to which methoxyflurane is subjected to metabolic biodegradation in man has already been emphasized by Holaday, Rudofsky and Treuhaft (1970) . They found increased urine fluoride clearance after exposure of four patients to the agent, and they suggested that the amount of total fluorine excreted depended upon the duration of exposure to methoxyflurane.
Although unaltered methoxyflurane appears to be innocuous to human kidney cells (Corssen, 1969) , fluorine is a known nephrotoxin (Schreiner and Maher, 1965) , and, despite the doubts expressed about the conclusions drawn by Mazze, Trudell and Cousins (Hook, 1971) , the pattern of recent work does seem to be pointing to fluoride resulting from the breakdown of methoxyflurane as being the likely toxic agent. Further work meantime being carried out at this centre supports this suggestion, and indicates a dose relationship, as was hinted at in recent comments by Vandam (1970) .
It is of some significance that the only prospective investigation of renal function associated with methoxyflurane carried out in the United Kingdom to date failed to show any evidence of toxicity (Rosen, Latto and Asscher, 1, 972) , and apart from the fact that uric acid levels were not estimated the results are broadly similar to those presented here. The conclusion to be drawn from the work of Rosen Latto and Asscher (1972) and from the United States is that serum uric acid is the most sensitive test for the particular type of renal dysfunction associated with methoxyflurane anaesthesia. If the degree and duration of rise in serum uric add are dose-related, there is probably a dose below which the changes are transient and of no clinical significance. It is difficult to assess the clinical significance of the serum uric add changes shown here, but when methoxyflurane is used in low concentration as part of a relaxant technique it would appear mat the uric add values do not approach the 8-15 mg/100 ml normally associated with gout (Keele and Neil, 1971) . In this context, the virtual elimination of awareness in assodation with anaesthesia for Caesarean section by the addition of 0.1% methoxyflurane to a nitrous oxide-oxygen mixture after delivery of the baby (Crawford, 1971) lends support to our belief that methoxyflurane concentrations advocated for use in relaxant techniques are generally too high, and bear no comparative relationship to the potency of halothane as measured by the MAC, even allowing for the different rates of uptake of die two agents. The question of whether methoxyflurane, correctly used, is contraindicated in patients with renal disease or for prolonged surgical procedures must remain unanswered on the evidence available to date, but the fact that the use of methoxyflurane in patients having renal transplantation does not appear to affect adversely the immediate or longterm outcome of the transplant (Homi and Smith, 1968) , supports the statement made by the Committee on Anesthesia of the National Academy of Sciences (National Research Council, 1971) that, "this agent should continue to be available in clinical practice". 
METOXIFLURANO Y FUNCION RENAL

RESUMEN
Los resultados de un estudio prospectiyo comparand? la funcion renal despues de anestesia urilizando metoxiflurano, halotano o fenoperidina indican que el uso de mctoxiflurano esta ascciado con una elevaci6n significativa del acido lirico en el suero, causada probablemente por una disfuncion tubular distal transitoria. Son presentados argumentos para postular que la elevaci6n del dcido lirico en el suero esta relacionada con un fluoruro urinario derivado de la degradacion del metoxiflurano y que estos cambios pueden ser reducidos hasta un grado que los vuelve sin importancia clinica con el uso racional de metoxiflurano como suplemento en las tccnicas relajantes. Otras pruebas de la funci6 renal y de la actuation del rin6n sobre el agua y electrolitos no muestran diferencias significativas entre estos grupos.
BOOK REVIEW
Anaesthesia in Jamaica: Report of a Conference. Edited by M. Hedden, J. W. Sandison and J. Homi. Although modestly subtitled "Report of a Conference" this book is no less than a complete and detailed account of the anaesthetic services of a whole country. As such it must be almost unique. Two of the editors were formerly consultants at the University Hospital of the West Indies. The conference itself was a meeting of local experts from the Ministry of Health, the University Hospital, the Kingston Public Hospital and two distinguished overseas visitors. Professor Holmdahl from Uppsala and Dr W. D. Wylie from London. The purpose was to consider the current anaesthetic services available in Jamaica and to make a rational plan for their future development.
The heart of the book consists of a description of a survey carried out by the staff of the Anaesthetic Department of the University Hospital of the West Indies, with the active support of the Ministry of Health. The survey covered virtually every anaesthetic given in every hospital in the country during a six-month period in 1970. Questions were asked about the grade of anaesthetist employed, the type of hospital, the anaesthetic technique used, the physical status of the patients, the operation and the occurrence of complications. The answers give a detailed picture of who gives anaesthetics in Jamaica, how many are given, how anaesthesia and surgery differ from hospital to hospital and what ancillary services, such as blood banks, laboratories and equipment servicing facilities are available. As twenty-nine different hospitals were involved, employing fifty-five anaesthetists ranging from specialist doctors to nurses and pharmacists, this was a considerable undertaking. Details are given of the training received by each type of anaesthetist, the use of different techniques, such as relaxants, open-drop methods and regional analgesia, and of the costs of anaesthesia. The patients and their physical condition are discussed and related to the types of operation perfonned and to the status and training of the personnel caring for them. A chapter is devoted to complications and deaths associated with anaesthesia and surgery. There was a marked difference in standards between the small rural hospitals and the large hospitals in the capital, Kingston. As might be expected, complications were commonest in hospitals employing poorlytrained nurse-anaesthetists, particularly as few major operations were performed in these hospitals. Equipment and
